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Digoxin for heart failure in sinus rhythm
Is digoxin useful in patients with heart failure who remain in sinus rhythm? This question is still being asked and may reflect the profound influence that MacKenzie and Lewis have had on British medicine. Generations of medical students were taught that digitalis was of little value unless the patient was in atrial fibrillation; it is certainly true that in their earlier writings both MacKenzie (1913) and Lewis (1933) avoided discussing the problem of the patient with heart failure in sinus rhythm. However, the beneficial effect of digitalis in these patients was shown in several studies (Christian, 1919; Harrison et al, 193 1; Gavey and Parkinson, 1939; Wood, 1940) , and by 1946 Lewis was able to write "Clear evidence that digitalis is useful in failure with congestion presenting normal rhythm has been slower in coming because success in such cases is less obvious and less frequent. Nevertheless it is now generally recognised that digitalis is valuable in these cases and sometimes succeeds in lowering the venous pressure and in bringing relief where other remedies have failed." But despite this, clinicians remained reluctant to use digoxin in these circumstances, no doubt because they had been taught otherwise at an impressionable age.
The fall in venous pressure and rise in cardiac output resulting from intravenous digoxin in patients with heart failure was confirmed by McMichael and Sharpey-Shafer (1944 (McMichael, 1952) . This statement is still remembered and, moreover, the idea that digoxin might actually be harmful to patients with cor pulmonale (Howarth et al, 1948) means that its use is often restricted to those patients with atrial fibrillation.
The development of more sensitive techniques for measuring the force of ventricular contraction in man allowed Braunwald and his colleagues to show the positive inotropic effect of digoxin on the non-failing human heart by various means, including strain gauges attached to the myocardium during cardiac operations (Braunwald et al, 1961) , the measurement of peak left ventricular dp/dt using a catheter tip manometer (Mason and Braunwald, 1963) and the use of ventricular markers to study myocardial force-velocity relations (Sonnenblick et al, 1966) . Nowadays the acute positive inotropic effect of digoxin on both the failing and non-failing human heart cannot be doubted. The measurement of systolic time intervals and the ball travel time of an aortic Starr valve also reflect the contractile state of the left ventricle in man, and these techniques have been used to confirm the positive inotropic effect of digoxin in short-term experiments (Weissler et al, 1966; Davidson and Gibson, 1973) . The acute inotropic effect is relatively weak, as compared with isoprenaline in the dog heart (Beiser et al, 1970) , and is equivalent to the effect of mild exercise in man (Davidson and Gibson, 1973) .
It is more difficult to show that this positive inotropic effect is sustained during maintenance therapy with digoxin (Weissler et al, 1966; Davidson and Gibson, 1973) . There are two possible reasons for this, one being the relative insensitivity of the techniques available and the other the reflex changes in the cardiovascular system, such as a reduction in cardiac sympathetic tone, which may mask the effect of the digoxin. Despite these reservations at least three groups of workers have shown a sustained improvement in systolic time intervals which appears to be dose-related (Carliner et al, 1974; Hoeschen and Cuddy, 1975; Dobbs et al, 1977 (1971) in a similar study found that 31 out of 135 patients taking digoxin showed toxic effects, and that the mortality rate was higher in this group than in the remainder who did not show toxic effects.
The danger of digoxin in elderly patients was appreciated by Dall (1970) who pointed out that maintenance digoxin could often be stopped. This finding was confirmed in patients in general practice (Hull and Mackintosh, 1977) and in patients after an episode of heart failure (Dobbs et al, 1977) . It is difficult to escape the conclusion that some of these patients were receiving digoxin unnecessarily. It is also true that many patients with heart failure in sinus rhythm can be managed perfectly well using modem diuretics alone (McHaffie et al, 1977) .
So when should digoxin be given to patients with heart failure who remain in sinus rhythm? First it should be reserved for those patients with myocardial failure. Digoxin cannot be expected to help those with mitral stenosis or hypertrophic cardiomyopathy, or those whose ankle oedema is due to other causes. Hence a proper cardiac diagnosis is vital.
In patients with heart failure caused by valve disease the results of surgical treatment, even in the elderly (De Bono et al, 1978) , are now so good that this treatment is to be preferred. Digoxin can be used in patients who are not suitable for valve surgery or in those in whom valve surgery has been unsuccessful, if there is reason to suspect additional myocardial damage. It is not easy to decide when these patients will benefit from digoxin, and each case must be judged on its merits. The use of digoxin in younger patients with valve disease is to be deprecated because digoxin will cause electrocardiographic T wave changes, which will make it more difficult to follow the natural history of the valve lesion and to choose the correct time for valve replacement. Thus digoxin is of limited value in patients whose myocardial failure is secondary to the pressure or volume overload of valve disease. This argument may be extended to patients with hypertension, congenital heart disease, or cor pulmonale; the primary treatment should be directed towards the underlying cause of the heart failure, and digoxin should be used sparingly. In practice this means that it should be given at a late stage to those with cor pulmonale or irremediable cardiac defects, and for a limited time to infants with congenital heart disease whose heart failure will improve as they grow-for example, those with ventricular septal defects. In patients with high blood pressure digoxin may be needed initially, but it can be stopped once the pressure is controlled.
This leaves those patients whose heart failure is 
